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3(*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FRUUHODWHG WR WKH IOH[LELOLW\RI WKHSRO\PHULFFKDLQVDQG WKHZDWHUVWUXFWXUHVDURXQG WKHP7KH
IOH[LEOHDQGK\GURSKLOLFSRO\PHUVWHQGWR LPSDUWKLJKUHVLVWDQFHWRIRXOLQJ+RZHYHU WKHH[DFW
QDWXUH RI WKH PHFKDQLVPV IRU IRXOLQJ UHVLVWDQFH DW WKH DWRPLF DQG PROHFXODU OHYHO UHPDLQV
HOXVLYH DQG FRQWURYHUVLDO  ,Q DGGLWLRQ WR VWDWLF SURSHUWLHV VXFK DV K\GURSKLOLFLW\ UHVSRQVLYH
SRO\PHUV ZLWK G\QDPLFV FKDQJHV LQ FRQIRUPDWLRQ DUH DOVR EHLQJ GHYHORSHG DV DQWLIRXOLQJ
VXUIDFHV 3RO\1LVRSURS\ODFU\ODPLGH 31,3$0 DQG 31,3$0FR3(*0$ D FRSRO\PHU RI
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HWK\OHQH JO\FRO PHWKDFU\ODWH 3(*0$ DUH WKHUPRUHVSRQVLYH SRO\PHUV
ZKLFK DUH EHLQJ ZLGHO\ LQYHVWLJDWHG IRU DSSOLFDWLRQV LQ FRQWUROOHG UHOHDVH DQG DV DQWLIRXOLQJ
VXUIDFHFRDWLQJV
7KHUPRUHVSRQVLYH SRO\PHUV H[KLELW K\GURSKRELFíK\GURSKLOLF SKDVH WUDQVLWLRQ DW WKHLU
ORZHU FULWLFDO VROXWLRQ WHPSHUDWXUHV /&67 )RU 31,3$0 WKH /&67 SKDVH WUDQVLWLRQ LV GXH
PDLQO\ WR WKH SUHVHQFH RI D K\GURSKLOLF DPLGH JURXS RQ WKH VLGH FKDLQ DQG D K\GURSKRELF
LVRSURS\OJURXSLQHDFK1,3$0XQLWDVZHOODVDK\GURSKRELF&&EDFNERQH7KH/&67RI3(*
LVPXFKKLJKHUWKDQWKDWRI31,3$0GXHWRLWVPXFKKLJKHUK\GURSKLOLFLW\7KH/&67RI31,3$0
LQZDWHU LVDERXW.ZKHUHDVWKH/&67RI3(*PD\YDU\IURP.DW ORZPROHFXODU
ZHLJKW WR  . IRU DW KLJK PROHFXODU ZHLJKW 7KH /&67 RI WKH 31,3$0FR3(*0$
FRSRO\PHULQFUHDVHVIURP.WR.LQZDWHUZKHQWKH3(*0$FRQWHQWLQFUHDVHVIURP
WR  ZW0RUH LPSRUWDQWO\ LW KDV EHHQ VKRZQ WKDW WKH SUHVHQFH RI VDOW LQ VROXWLRQ KDV D
VLJQLILFDQW LPSDFW RQ WKH /&67V RI 31,3$0 DQG 3(*  ,Q RUGHU WR XQGHUVWDQG WKH
FRQIRUPDWLRQDO FKDQJHV RI 31,3$0 DQG 31,3$0FR3(*0$ DW WKHLU /&67V DQG WKH ZDWHU
VWUXFWXUHV DVVRFLDWHG ZLWK WKH FRQIRUPDWLRQDO FKDQJH FODVVLFDO PROHFXODU G\QDPLFV 0'
VLPXODWLRQV ZHUH FRQGXFWHG LQ DTXHRXV VROXWLRQV 6LQFH SURWHLQ VHSDUDWLRQV DUH QRUPDOO\
FDUULHG RXW LQ D EXIIHU VROXWLRQ FRQWDLQLQJ VDOW WKH LQWHUDFWLRQ EHWZHHQ WKH VDOW LRQV DQG WKH
SRO\PHUVDVZHOODVWKHLUHIIHFWVRQWKHSRO\PHUZDWHUVWUXFWXUHVZHUHDOVRLQYHVWLJDWHG
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VFDOHVLPXODWLRQV1RQSRODUL]HG$PEHUIRUFHILHOGZDVXVHGIRUWKHSRO\PHUWRJHWKHUZLWK
WKH7,33ZDWHUPRGHO7KHSDUWLDODWRPLFFKDUJHVRI31,3$0DQG3(*0$ZHUHFDOFXODWHGDW
%/<3DXJFFSYW]%/<3*GS OHYHO ZLWK *DXVVLDQ  EDVHG RQ WKH 5(63
SURWRFRO
7KH31,3$0FKDLQFRQVLVWVRIPRQRPHUXQLWV7KH31,3$0FR3(*0$FRSRO\PHUVWXGLHG
FRQVLVWVRI1,3$0PRQRPHUXQLWVDQG3(*0$FKDLQVZLWKHDFK3(*0$FKDLQFRQWDLQLQJ
3(*PRQRPHUXQLWVDQGRQHPHWKDFU\ODWHUHVLGXH7KLVFRUUHVSRQGVWRD3(*0$FRQWHQWRI
DERXW  ZLWK DQ HVWLPDWHG /&67 RI  .  31,3$0 DQG 31,3$0FR3(*0$ ZHUH
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
486   H.B. Du et al. /  Procedia Engineering  44 ( 2012 )  485 – 488 
VLPXODWHGERWKLQWKHSXUHZDWHUDQGYDULRXVVDOWVROXWLRQVFRQWDLQLQJ01D&O1D%U1D,/L&O
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 RI0'VLPXODWLRQV LQZDWHU DW WHPSHUDWXUHV ERWK DERYHDQG
EHORZ LWV/&677KH ILUVWK\GUDWLRQZDWHUQXPEHU IRU31,3$0DW.VWDUWV WRGHFUHDVHDW
DURXQGQVRIVLPXODWLRQ WLPHDQGNHHSVGHFUHDVLQJXQWLO LW UHDFKHVZKHUHDV WKHZDWHU
QXPEHUDW.UHPDLQVPRUHRUOHVVWKHVDPHDW31,3$0FRQIRUPDWLRQVDWWKHHQG
RIWKHVLPXODWLRQVDUHDOVRVKRZQLQ)LJXUHDIROGHGVWUXFWXUHEZDVREVHUYHGDW.DQG
DQ H[WHQGHG VWUXFWXUH ZDV REVHUYHG DW  . D )URP WKH FROODSVHG VWUXFWXUH ERWK
K\GURSKRELFDQGK\GURSKLOLFUHVLGXHVDUHVHHQWREHEXULHG LQVLGHWKHSRO\PHU0RUHGHWDLOHG
GLVFXVVLRQVRQWKHQDWXUHRI/&67DQG LWVGULYLQJIRUFHZLOOEHSUHVHQWHG)RU31,3$0LQVDOW
VROXWLRQV ILJXUH  WRS OHIW VKRZV WKH SDLU FRUUHODWLRQ IXQFWLRQ EHWZHHQ WKH FDWLRQV DQG WKH
DPLGH2 LQ31,3$0  ,WDSSHDUV WKDWFDWLRQVELQGVWURQJO\ZLWK WKHDPLGH2ZKHUHDVDQLRQV
ELQGYHU\ZHDNO\ WR WKHSRO\PHU7KH LQWHUDFWLRQVVWUHQJWK IROORZV/L!1D!.!5E!
&V!0J!&D&DWLRQLFLQWHUDFWLRQVWUHQJWKDSSHDUVWRFRUUHODWHZLWKWKHK\GUDWLRQVKHOORI
WKHLRQV7KHELQGLQJDIILQLW\EHWZHHQWKHFDWLRQDQGWKHFRSRO\PHUDSSHDUVWRGHSHQGRQQRW
RQO\ WKH VL]H DQG FKDUJH RI WKH FDWLRQ EXW DOVR RQ WKH DQLRQ SUHVHQW 7KH FDWLRQíSRO\PHU
LQWHUDFWLRQ LV IRXQGWREHPRGXODWHGE\WKHFDWLRQíDQLRQ LQWHUDFWLRQ0RUHGLVFXVVLRQVRQWKLV
ZLOOEHSUHVHQWHGDWWKHFRQIHUHQFH
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)LJXUH:DWHUQXPEHUZLWKLQ31,3$0¶VILUVWK\GUDWLRQVKHOOLQZDWHUDW.UHGDQG.
EODFN UHVSHFWLYHO\GXULQJQDQRVHFRQG0'VLPXODWLRQV OHIW ILJXUH31,3$0FRQIRUPDWLRQ
DIWHUQV0'VLPXODWLRQV LQZDWHUDW.H[WHQGHGVWUXFWXUHVKRZQLQULJKW WRSDDQGDW
.IROGHGVWUXFWXUHVKRZQLQULJKWERWWRPE

7KH 31,3$0íFRí3(*0$ FRSRO\PHU ZDV DOVR REVHUYHG WR JR WKURXJK WKH
K\GURSKLOLF−K\GURSKRELF FRQIRUPDWLRQDO FKDQJH IRU VLPXODWLRQV FDUULHG RXW DERYH LWV /&67
&DWLRQVZHUH IRXQG WRELQGVWURQJO\ DQGGLUHFWO\ZLWKDPLGH2DQGPRUHVWURQJO\ZLWK WKH2
DWRPVRQ3(*0$FKDLQVZKHUHDVDQLRQVRQO\H[KLELWZHDNLQWHUDFWLRQZLWKWKHSRO\PHUDV
VKRZQLQ)LJXUHWRSULJKWERWWRPOHIWDQGULJKWSDQHOV$XQLTXHFDJHGVWDEOHPHWDO−RUJDQLF
FRPSOH[HVLQYROYLQJ1D5EDQG&VLRQVFRRUGLQDWHGE\2DWRPVIURPWKHFRSRO\PHULQVDOW
VROXWLRQVZHUHREVHUYHGDIWHUDK\GURSKRELF IROGHGVWUXFWXUHVRI WKHFRSRO\PHUZHUH IRUPHG
7KH LQWHUDFWLRQEHWZHHQGRXEO\FKDUJHGFDWLRQVZLWK WKHFRSRO\PHUDSSHDUV WREHGHSHQGHQW
RQZKHUH WKH2DWRPVRQWKHFRSRO\PHUDUH ORFDWHG )RU WKHDPLGH2DWRPVZKLFKDUH OHVV
H[SRVHG WRZDWHU WKH LQWHUDFWLRQ LVZHDNZKHUHDV WKHUH LVPXFKVWURQJHU LQWHUDFWLRQZLWK WKH
H[SRVHG&2+JURXS7KLVLVSUREDEO\GXHWRWKHODUJHK\GUDWLRQVKHOOIRUWKHGRXEO\FKDUJHG
&DDQG0JLRQV

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)LJXUH  7KH SDLU FRUUHODWLRQ IXQFWLRQV EHWZHHQ WKH VDOW FDWLRQ DQG WKH 2 DWRPV RQ
31,30$WRSOHIW31,3$0FR3(*0$WRSULJKWERWWRPOHIWDQGULJKW


,9 $FNQRZOHGJHPHQW
)XQGLQJIURP861DWLRQDO6FLHQFH)RXQGDWLRQ&%(7LVJUDWHIXOO\DFNQRZOHGJHG

9 5HIHUHQFHV
 6FKLOG+*3URJUHVVLQ3RO\PHU6FLHQFH
 *DODHY,<DQG0DWWLDVRQ%6PDUWSRO\PHUVIRUELRVHSDUDWLRQDQGELRSURFHVVLQJ
7D\ORUDQG)UDQFLV
 =KDQJ < - )XU\N 6 %HUJEUHLWHU ' ( DQG &UHPHU 3 6  -RXUQDO RI WKH
$PHULFDQ&KHPLFDO6RFLHW\
 (HFNPDQ ) $PLJKL . DQG0RHV $ -  ,QWHUQDWLRQDO -RXUQDO RI 3KDUPDFHXWLFV

 &UXLFNVKDQN-+XEEDUG+96%RGHQ1DQG:DUG ,03RO\PHU

 3KLOOLSV - & %UDXQ 5 :DQJ: *XPEDUW - 7DMNKRUVKLG ( 9LOOD ( &KLSRW &
6NHHO 5 ' .DOH / DQG 6FKXOWHQ .  -RXUQDO RI &RPSXWDWLRQDO &KHPLVWU\ 

 &RUQHOO : ' &LHSODN 3 %D\O\ & , *RXOG , 5 0HU] . 0 )HUJXVRQ ' 0
6SHOOPH\HU ' & )R[ 7 &DOGZHOO - : DQG .ROOPDQ 3 $  -RXUQDO RI WKH
$PHULFDQ&KHPLFDO6RFLHW\
488   H.B. Du et al. /  Procedia Engineering  44 ( 2012 )  485 – 488 
 )ULVFK0-7HWDO*DXVVLDQ*DXVVLDQ,QF:DOOLQJIRUG&7
 -XQPHL:3LRWU&DQG3HWHU$.-RXUQDORI&RPSXWDWLRQDO&KHPLVWU\

'X+ %:LFNUDPDVLQJKH5 DQG4LDQ ; +  -RXUQDO RI 3K\VLFDO &KHPLVWU\ %

'X+%DQG4LDQ;+-RXUQDORI3RO\PHU6FLHQFH3DUW%3RO\PHU3K\VLFV



9, .H\ZRUGVWKHUPRUHVSRQVLYHSRO\PHUPROHFXODUG\QDPLFVFRQIRUPDWLRQZDWHUVWUXFWXUH


